Few antifungal protective cultures adapted to fermented dairy products are commercially available because of the numerous constraints linked to their market implementation. Consumer's demand for naturally preserved food products is growing and the utilization of lactic acid bacteria is a promising way to achieve this goal. In this study, using a 2 5-1 factorial fractional design, we first evaluated the effects of fermentation time, of initial sucrose concentration and of the initial contamination amount of a spoilage yeast, on antifungal activities of single and mixed cultures of Lactobacillus rhamnosus K.C8.3.1I and Lactobacillus harbinensis K.V9.3.1Np in yogurt. L. harbinensis K.V9.3.1Np, the most relevant strain with regard to antifungal activity was then studied to determine its minimal inhibitory inoculation rate, its antifungal stability during storage and its impact on yogurt organoleptic properties. We showed that L. harbinensis K.V9.3.1Np maintained a stable antifungal activity over time, which was not affected by initial sucrose, nor by a reduction of the fermentation time. This inhibitory activity was an all-or-nothing phenomenon. Once L. harbinensis K.V9.3.1Np reached a population of ∼2.5×10
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6 cfu/g of yogurt at the time of contamination, total inhibition of the yeast was achieved. We also showed that an inoculation rate of 5×106 cfu/ml in milk had no detrimental effect on yogurt organoleptic properties. In conclusion, L. harbinensis K.V9.3.1Np is a promising antifungal bioprotective strain for yogurt preservation.
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4 must be active in the desired food without producing any detrimental effects on the growth 76 and functionality of starter bacteria (Holzapfel et al., 1995) . The antimicrobial activity should 77 also be exhibited and/or maintained under conditions of production, during storage and once 78 the packaging is opened at consumers' home. It is well established that a bacterial 79 antimicrobial activity in food can vary positively or negatively according to environmental 80 conditions including biotic (competing microbiota) and abiotic factors such as temperature, 81 pH, oxygen and available nutrients (Gálvez et al., 2007; Pfeiler and Klaenhammer, 2007 ;  82 Rouse et al., 2008 ; Schillinger and Villareal, 2010 ; Zhang et al., 2010) . Indeed, Guerra et al.
83
(2001) showed that nisin production by Lactococcus lactis in diluted whey was inhibited by 84 an increase in nitrogen, and by an increase in sugar but in a lesser extent. On the other hand, commonly encountered in yogurt spoilage (Delavenne et al., 2013) . In the present study, these 99 two strains were included in an experimental design to evaluate the effects of two yogurt were tested. Yogurts were prepared and inoculated as described above and the fermentation DE had no significant impact on any of the 6 considered responses in this study (Table 3) .
247
Factors A, D and E had no effect on the growth of L. harbinensis K.V9. as already observed (Delavenne et al., 2013) . This suggests that pH modifications were not M A N U S C R I P T A C C E P T E D compounds with antifungal activity.
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In this study, a concentration ranging above 2.5 to 5×10 6 cfu/g of yogurt at the contamination 
367
In this study, it was clearly established that a minimal inoculation rate of 5×10 6 cfu/ml of 368 milk, was sufficient to yield a total inhibition of Y. lipolytica throughout a 6-weeks storage 369 period at 10°C. In recent studies, it was found that milk inoculation at 10 8 cfu/ml of
370
Lactobacillus plantarum 16 was necessary to achieve a fungistatic effect against Rhodotorula 371 mucilaginosa during yogurt storage at 4°C for 4 weeks (Crowley et al., 2012) . And that 372 ~4×10 7 cfu/ml of Lactobacillus casei AST 18 allowed to inhibit the growth of a Penicillium M A N U S C R I P T A C C E P T E D M A N U S C R I P T lipolytica concentration 6 weeks after contamination (axis on the right).
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